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CHAPTER I 
INTRODUCTION 
CHAPTER I 
INTRODUCTION 
During the twentieth century education in the United States has 
been progressing from limited educational opportunity previously avail¬ 
able only to the more affluent or gifted to education for all the peo¬ 
ple, especially education at the high school level and above. Although 
public education for all people on an equitable basis, that is regard¬ 
less of creed or color, has not in all places attained the ideal, yet 
substantial progress has been made. It is appropriate that attention 
is now focused upon making education better. This is evident in the 
extensive and diverse writings in the public press concerning the 
sufficiency of the current educational program of the country. Profes¬ 
sional writings also express concern about the quality of education. 
Irrespective of the particular points of view about what is being done 
and what should be done, there is a common theme which permeates the 
whole problem namely that education must be improved, improved in such a 
way that students are more adequately prepared to meet their needs for 
earning a living and the broader challenge of maintaining the democratic 
society and way of life. 
Current Educational Practices. Our existing school programs have 
made available to the average person an opportunity to become educated 
to the degree necessary for participation in the community, to the 
degree necessary for an awareness of the problems of the democratic way 
of life. There does appear considerable doubt that current education is 
developing adequately, critical judgment abilities to attain the objec¬ 
tives desired, or inductive thinking, or problem solving, or creative 
3 
Chinking. Improvement in the quality of whatever is taught must become 
an objective among the other essentials of education. 
Students today are faced with many choices. There must be provided 
an adequate foundation for this choice making and some practice in the 
exercise of choice making based upon experience and sound reasons. This 
is not a new or novel idea but choice making is today a more than ever 
important ability. Critical thinking is not alone necessary for deci¬ 
sions in matters of every day living, but also in the problems which 
must be correctly resolved in a civilization which is intimately in¬ 
volved in the era of the atomic revolution. Students must be trained to 
recognize the difference between a loud declarative statement often re¬ 
peated, but without basic soundness, and a properly reasoned statement, 
to recognize when reasons given serve conformity rather than judgment, 
to develop the ability to understand thoroughly the basic issues of 
problems, make an evaluation and arrive at sound decisions. Enlight¬ 
ened school boards, administrators, teachers, and parents recognize that 
the "Thinking" quality of education must be improved and school curric¬ 
ula developed to reflect this need. 
Some Problems of the Educational System. Teaching students to 
think is one of the most commonly expressed alms of education and can be 
found in nearly every subject field. Thinking is an accepted objective 
of education. "Education is not merely the imparting of knowledge but 
the cultivation of certain aptitudes and attitudes in the mind of the 
young. Can thinking be analyzed, - can it be taught, - successfully, - 
is the attempt worthwhile, - can the ability to think in one area, with 
appropriate materials and problems, be generalized and transferred to 
4 
other areas?" The implications of the foregoing questions have a 
marked effect upon the organization of curricula, the training of 
teachers, the acceptance of parents, if greater success is to be ob¬ 
tained in the effort to "teach students how to think" since many 
efforts in the past have not been notable successful. To meet the 
problems of the future, competent honest thinking may result in incom¬ 
parable improvements, the failure to develop such abilities may be 
disastrous. 
Possible areas which appear to lend themselves particularly to the 
development of thinking abilities include but are not limited so 
science, mathematics, fine arts, history, literature, ethics and 
morals, practical affairs of life, law, and military strategy. Possi¬ 
ble approaches might include problem solving, logical approaches, mak¬ 
ing and supporting value judgments, stating and supporting goals, 
policies, and decisions, critical analysis, and creative development. 
These differing problem types will require different individual educa¬ 
tional procedures in each casl. Establishing adequate programs and 
securing adequately trained teachers will be a major problem. 
Definition of Thinking. The term "thinking" as used in this paper 
means the critical reflective search for valid conclusions which solve 
problems, resolve doubts, and enable choice between conflicting state¬ 
ments of doctrine or policy. The term thinking is often used to refer 
^Burton-Kimbal-Wing. "Preface." Education for Effective Thinking, 
pp. v-vi. 
2 
Ibid, p. viii 
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to mental processes not of the order intended in the given definition. 
The "thinking'* defined is distinct from the connotation of "thought". 
It is not remembering, or imagination, or belief, or opinion, intui- 
tion, insight, or any of the variety of daydreaming or fancy. 
It is quite possible that the exceptions listed above might pro¬ 
duce a problem which necessitated reflective thinking. This point is 
made here since the term problem is closely related to the matter of 
critical thinking as treated in this paper. A problem is considered 
to be a situation involving doubt and for which the answer is not known 
but can be figured out. The problem-solving process is critical re¬ 
flective thinking by which a solution is found for a perplexing situa¬ 
tion. The problem must be understandable in order that intelligent 
approach to solution may be undertaken as well as provide some motiva¬ 
tion for solution. Dewe^ defined thinking to be "Active, persistent, 
and careful consideration of any belief or supposed form of knowledge 
in the light of the grounds that support it and the further conclu¬ 
sions to which it tends constitutes reflective thought "and" reflec¬ 
tive thinking, in distinction from other operations to which we apply 
the name of thought involves (1) a state of doubt, and (2) an act of 
searching, hunting, inquiring, to find material that will resolve the 
doubt, settle and dispose of the perplexity". It follows from the 
proceeding that thinking is affected, deals with, objective matters. 
3 
Burton-Kimbal-Wing, oj>. cit. pS*' 
4 
John Dewey, How We Think, rev. ed. pp. 9, 12. 
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fact, and processes. The thinking itself, the process of it is sub¬ 
jective. Thinking may require reference to the '’reality” of objective 
situations, the "real facts of life” from experience, and it may also 
by virtue of reference to objective factors bring about changes in the 
objective world. One other phase of learning, in connection with crit¬ 
ical thinking, has been the dominance of logic as a formal procedure in 
the development of thinking. Burton-Kimbal-Wing make the point with 
considerable strength that there is a distinction between that logic 
which is useful in explanation to others of what is already known and 
the logic which obtains when learning something new. In the later 
instance the thought-in process has its own valid inferences as opposed 
to the logic of prool. For considerations of the improvement of criti¬ 
cal thinking in the secondary schools this analysis appears to be par¬ 
ticularly pertinent. 
A Taxonomy of the Cognitive Aspects Inherent in Thinking. Think¬ 
ing is not a process which can be caused to happen through order, 
exhortation or direction. There must be a foundation, sources to 
support thinking. With the intent of establishing a common terminology 
for the consideration of thinking, as treated herein, abbreviated defi¬ 
nitions of six terms will be attempted based upon a "Taxonomy of 
Burton-Kimbal-Wing. Chapter 2 "A General Description of the 
Thinking Process”. Education for Effective Thinking, pp. 23, 25. 
7 
6 
Educational Objectives". 
1. KNOWLEDGE is behaviors and test situations which empha¬ 
size the remembering, either by recognition or recall of ideas, 
material, or phenomena. In learning the student is expected to store 
certain information and later to remember this information. Some 
changes may occur in recall in answer to questions or problems posed in 
form different than the original learning. 
2. COMPREHENSION is understanding such that the individual 
knows what is being communicated and can make use of the idea without 
relation to other material or without an appreciation of the fullest 
implications. Greater orders of comprehension include translation to 
different form, interpretation which reorders and summarizes, and ex¬ 
trapolation which extends the trends or tendencies. 
3. APPLICATION is the use of abstractions in particular and 
concrete situations. These abstractions may be general ideas, rules of 
procedures, or generalized methods, and technical principles, ideas, 
and theories which must be remembered and applied. 
4. ANALYSIS is the reduction of a communication into ele¬ 
ments such that the relative hierarchy of ideas is made clear and the 
relations between the ideas expressed are made explicit. These analy¬ 
ses clarify, disclose the organization, how the effects are conveyed 
and the basis and arrangement of a communication. Included in the 
- 
A Committee of College and University Examiners, B.S. Bloom ed. 
M.D. Englehard-E.J. Furst-W.H. Hill-D.R. Krathwohl. Taxonomy of Educa¬ 
tional Objectives, pp. 18, 201-207. 
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analysis is the ability to recognize unstated assumptions, skill in 
distinguishing facts from hypotheses, analysis of relationships and 
organizat tonal principles. 
5. SYNTHESIS is the elaboration of the elements and parts to 
form the whole, including arrangements and combinations so as to 
develop a pattern not clearly there before. New hypotheses may be de¬ 
veloped and modified and generalizations developed. 
6. EVALUATION is the judgments about the value of material 
and methods, quantative, qualitative judgments reference extent to 
which material and methods satisfy criteria. Standards given may be 
involved or unique ones developed. It may Include an assessment of the 
exactness and logic of the material and a comparison with known stan¬ 
dards. 
The foregoing educational behaviors as defined have a sequence 
which runs from the simple to the more complex and represent something 
of the hierarchical order of behaviors or objectives. The logic of 
this arrangement permits consideration that the objectives of the lower 
numbered definitions may be built upon for the behaviors and objectives 
of the successively higher numbered definitions. This concept would 
appear to permit the conclusion that simple behavior if and when inte¬ 
grated with other simple behavior can lead to more complex behavior. 
Since the order of the definitions is in the nature of a progressively 
more complex hierarchy it is logical to expect that the greatest suc¬ 
cess in performance would be with the less complex until the entire 
range of abilities has become well developed. (This limitation is 
suggested particularly in connection with the application of this idea 
9 
to secondary school students). Proof of the "progress in success" 
concept is not believed germane to this particular study but it is 
offered as an interesting possibility. 
3r -v 
Hov Children Think. David H. Russell, author of the book 
CHILDRENS THINKING proposes the writing as an attempt to do three 
things: 
a) "to combine some of the findings of child development and or 
educational psychology and apply them to schoolwork". 
b) "to explore deeply into intellectual development of childhood 
and adolescence", 
c) "to present a possible structure, especially from the develop¬ 
ment point of view, for the psychology of thinking". 
The hypotheses presented and considerably justified and defended 
include the rejection of logic, the faculty theory, and association as 
the complete explanations of thinking. Substituted is the concept that 
children's thinking cannot be worked out in a unitary concept, rather 
it must be studied as a whole and include the four main factors; mate¬ 
rials, motives, processes, and abilities. 
Russell poses the thinking process to include functional aspects, 
and to be a process rather than a fixed state. This author points out 
that thinking involves a series of ideas which originate in some 
internal or external stimulus and which are directed by variety of 
motivational factors. The materials of thinking are classes as 
7 
David H. Russell. CHILDRENS THINKING. 
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percepts, images, memories and concepts. The many materials of think¬ 
ing may be used in a relatively few processes of thinking; perceptual, 
concept formation, associative thinking, problem solving, critical and 
creative thinking. These processes of thinking involve selections, 
manipulation, organization, and other activities which advance the 
"determined course of ideas" from the stimulus, or problem, toward a 
goal or solution. In these processes are involved certain thinking 
abilities, habits, techniques, and guides to thinking which can be 
learned, at least to some extent. 
Any specific instruction in thinking must be related to the 
child's general developmental patterns. Thinking can never be consid¬ 
ered a purely intellectual process as emotion and personal factors are 
a part of the thinking process. Thinking activities must always be re¬ 
lated to other experiences and to a content involving the child's spe¬ 
cific concerns. 
The thinking process and the materials of thinking as outlined by 
Russel? are shown in schema on the following page. 
Russell, op. cit. p. JO 
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STIMULUS 
PATTERNS 
INTERNAL 
EXTERNAL 
SCHEMA OF THE MATERIALS OF THINKING 
EMOTIONS, NEEDS 
ATTITUDES, HABIT 
• ’ 1 
INFLUENCING 
PERCEPS 
IMAGES 
MEMORIES 
CONCEPTS 
Perceptual Thinking 
Associate Thinking 
Inductive Thinking 
Concept Formation 
PRODUCTS 
OR 
CONCLUSIONS 
Problem Solving 
Critical Thinking 
Creative Thinking 
MATERIALS OF PROCESSES IN ABILITIES IN 
THINKING THINKING THINKING 
TECHNIQUES, HABITS 
DEVICES—which can 
be learned 
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The Principles and Techniques of Problem Solving. Thorndik! has 
set forth in some detail, information on "HOW CHILDREN LEARN THE PRIN¬ 
CIPLES AND TECHNIQUES OF PROBLEM-SOLVING". Since a significant portion 
of the process used in the problem presented in this paper is similar 
to the presentation made by Thorndike his ideas are presented in 
detail. (A definite "end in view" and progress toward this "end" is 
blocked in such fashion that the usual available responses are inade¬ 
quate to overcome the obstacle and effect a solution.) Further a prob¬ 
lem may imply not only a condition of need but also identification of 
the need and anticipation of the result required to relieve the need. 
Problems may be both practical and intellectual, that is the need to 
act as well as to know. 
The aspects of problem solving include: 
Awareness of the problem - 
What, exactly, the problem is - 
A proposal for solution (hypotheses) - 
Reasoning out hypotheses (association of hypotheses and 
relevant facts) - 
A testing of conclusions against known facts by experiment. 
The above analysis presents the components of problem-solving but 
is not to be construed as the mechanical means of infallibly arriving 
at a solution through following the order of the steps of the analysis. 
The range of problems which an individual encounters depends on the 
experience of the individual, the range of activities and interests. 
The many variables in connection with the aspects of problem 
Robert L. Thorndike. "How Children Learn the Principles and 
Techniques of Problem-Solving". The forty-ninth Yearbook of the 
National Society for the Study of Education, Part 1 Learning and 
Instruction, Chapter VIII. 
pp, 
(Chicago : uNiu&^ry of cmcago?^ 
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solving will affect success in problem-solving. Before thinking enters 
the situation certain conditions, objectives and understandings are 
necessary. 
Some of the variables that must be considered are: 
An objective is needed (must exist), then a set of facts or 
condition, and a gap between desire and what is "given” - 
Hypotheses depend on individual experience; factual knowledge 
and the ability to use facts are not always aligned since 
selection, relation, and organization may be lacking - 
Individual maturing and readiness to apprehend are signifi¬ 
cant - 
The dynamic structure of the problem, what is the need or 
purpose; it may relate to previous good or bad experience - 
In the evaluation of an hypothesis the information must be 
relevant in order to provide correct premises; "if - then" 
processes of action (thinking) must be rigorous - 
The objective throughout must be to foster reasonableness in 
results. 
Before pupils can be expected to attain success in problem¬ 
solving thinking they must have a significant awareness - which may be 
provided through a rich and varied experience with teachers who have 
also provided inspiration for questioning and have encouraged it. 
Teachers may improve the ability to classify problems through a thor¬ 
ough knowledge of their subject, by fostering pupil skill in obtaining 
information, and developing attitudes of suspended judgement. The 
knowledge which is useful for problem solving is organized knowledge. 
Pupils must know how to find facts. Improvements in hypotheses discov¬ 
ery can be reached through richer experience and practice, with simple 
problems, then the more complex. Improvement in evaluation of conclu¬ 
sions (hypotheses) may be stimulated by deliberate teaching of the 
14 
r,if - then" type question or situation, by the development of habits 
and/or attitudes of willingness to listen to "reason", plus a thought¬ 
ful acceptance (or rejection) of conclusion. 
It appears that the foregoing, summarised, proposes that there is 
no simple rule or guide for teaching problem solving. Problem solving 
is considered to be the integration of many particular knowledges, 
skills, and attitudes. A wide range of interests and experiences, 
organized and functional background information, efficient skills in 
locating facts and information, persistence and flexibility in 
approach, suspension of judgement until all the evidence is in, habits 
of critical testing and appraisal of reliability, skill in "if - then" 
thinking, all contribute to develop and improve problem solving. 
Recapitulation. The development of thinking ability, often called 
critical or reflective thinking, is of great importance as an objective 
of education. Thinking, the critical reflective search for valid con¬ 
clusions for the solution of problems, resolution of doubts, and choice 
making can be encouraged in various ways, however none of them are 
always certain to bring positive expedient results. Cognitive aspects 
are important and include knowledge, comprehension, application, analy¬ 
sis, synthesis, and evaluation. The materials of thinking may be 
classed as percepts, images, memories, and concepts. The processes of 
thinking can be listed as perceptual, concept formation, associative 
thinking, problem solving, critical, and creative thinking. Emotional 
and personal factors have large influences in thinking as well as 
developmental patterns and relation to individual experiences and knowl¬ 
edge. Problem solving treated in the terms of this paper as expressed 
15 
above, Includes an awareness of the problem plus an organized attack 
tending to the solution through orderly steps. The knowledge must be 
organized or capable of organization, pupils must know how to find 
. * l , ( ; * ’*]-«• j 
facts, and the problems must be within their range of capabilities. 
While facts are the fundamentally essential basis of all scientific 
understanding, they must have application and a variety of skills in 
the use of facts is appropriate to greater ability in the development 
of thinking ability. 
CHAEXEH.U. 
APPROACH TO THE PROBLEM 
CHAPTER II 
APPROACH TO THE PROBLEM 
This problem is concerned with an attempt to discover if there is 
any appreciable improvement in thinking ability between pupils who have 
been given training in the use of a method for solving problems and/or 
making decisions, and a like group which has not had such training. 
The Problem. Evaluation of the thinking ability of students who 
have had several months of experience in the scientific method of solv¬ 
ing problems and making decisions with a group that has not had spe¬ 
cific training in this method is the scope of this problem. The sub¬ 
ject matter for the control and experimental groups will be the eighth 
grade science course curriculum. Problems will be used which particu¬ 
larly lend themselves to solution through motivational objectives, 
problems which are within the general experience of the students are 
dynamic in structure, relevant in Information, and foster reasonable 
outcomes. These problems will be constructed by the experimenter and 
will relate to scientific principles and information included in teach¬ 
ing. 
Reasons for Interest. A common theme found among teachers and in 
educational writing is the need for the improvement in the quality of 
learning. The concern is to better prepare pupils for life and to pro¬ 
vide something of self understanding of the present "culture" of 
society. Boys and girls today, it seems more than any time in history, 
are faced with the matter of making decisions and choices. There must 
be provided an adequate foundation for this choice making and some 
18 
practice in the exercise of choice making based upon something more 
than conformity. In today's world of propaganda, special Interests, 
the production and distribution of "things", the ability to make 
choices based on sound reasons requires positive action to give pupils 
a preparation for life. One section of eighth grade pupils taught by 
the writer, evidence a general Indifference to perplexing problems. 
They are eager to copy "answers", that is to get answers from some easy 
source not requiring much effort, but reluctant to dig them out and 
support their own findings. This section is one of several sections in 
a grade that is homogeneously grouped, and they are of potential col¬ 
lege level assignment in high school courses. Can the pattern of 
thought in the group, the present lack of development in the thinking 
area, be stimulated to greater intellectual effort, emotions aroused, 
and present experience and knowledge involved in greater concern, 
(greater "doubt" as opposed to willing acceptance) through experience 
in the scientific method of problem solution? 
Subjects. Subjects are selected from a class of eighth grade 
General Science pupils in the Junior High School, twenty-five in num¬ 
ber, a next to the top group of a homogeneously arranged grade consist¬ 
ing of approximately one hundred and thirty pupils. Within the section 
two groups were established of ten pupils each, three boys and seven 
girls to each group, equated as to age, intelligence quotient, and 
standard and stanine scores in work knowledge, reading, language, math 
computation, math problems and concepts, and science as revealed 
through the Metropolitan Achievement Tests - Advanced Battery. A 
19 
Control Group and an Experimental Group were selected, A greater num¬ 
ber of pupils was desired for the problem undertaken, however, it 
appeared scone useful information could be gathered from the small num¬ 
ber at hand. The pupils come freon the same community, are representa¬ 
tive of the community in economic and social experience. These pupils 
have had the same teachers in the same school for the past two years, 
and are all products of the local school system prior to the attendance 
• v • » * ( i . \ > .1 * * t • 
at the regional school. 
Materials. School records including cumulative records, intelli¬ 
gence and achievement records, teacher developed tests and "estab¬ 
lished" tests, the "Scientific Method" process, and selected problems 
were used. 
Procedure. The 20 pupils were arranged in pairs such that the IQ 
range was not greater than three points, with the girls paired with 
girls and the boys with boys. The selection was further made so that 
the age differences were as close as possible, in no instance more than 
a year difference in age. 
The two groups were further selected on the basis of stanine 
scores obtained from the Advanced Battery Complete of the Metropolitan 
Achievement Tests, grade placement at time of test 7*9. The stanine 
derived from the standard score is the national stanine. Stanine cor¬ 
relations for the test items were determined. Correlations were deter¬ 
mined by use of the formula V - 
zxy - /n/ < t y 
20 
Tests prepared by the experimenter were given periodically during 
the five month experiment and the respective groups scored on predeter¬ 
mined critical thinking points• The experimental group was given 
training and experience in use of the scientific method, the control 
group was dismissed from the room during these periods of training. 
Identical material was assigned each group, however the control group 
used whatever process the respective individuals chose, while the 
experimental group was guided in the form and use of the scientific 
approach. Care was exercised that no advantage of subject matter was 
disclosed to the experimental group. 
The number of correct answers for each critical thinking point for 
each experimenter made test was tabulated for both groups after the 
tests had been given and scored. The percent of correct solutions for 
each critical thinking point on the tests was determined and this data 
summarized. Both groups were tested at grade placement 8.9 on Advanced 
B Battery Complete of the Metropolitan Achievement Tests and the re¬ 
sults correlated by formula on page 19. 
The experiment was carried out over a period of five months, from 
January, 1961 to June first, 1961. During this period five teacher 
constructed tests or demonstrations were conducted, each having at 
least one strong point to determine pupils1 abilities at critical 
thinking. The experimental group was trained to clearly state the 
problem, to attempt an hypothesis as a possible answer, to gather facts 
and examine them in light of the hypothesis, to get the facts for sup¬ 
port or denial of the hypothesis, and to arrive at a conclusion. 
The results of the respective tests has been compiled and 
analyzed and is presented In Chapter III* 
CHAPTER III 
DATA ON THE TWO GROUPS 
CHAPTER III 
DATA ON THE TWO GROUPS 
It it the purpose of this chapter to present the data collected in 
the form of tables and graphs so that comparisons can be more readily 
understood. 
Intelligence Test Scores. Intelligence Quotients were taken from 
the cumulative records of the respective pupils. The scores listed are 
Pintner Intelligence Quotients, (Pintner General Ability Test Form A). 
The respective scores are listed in the table below and the pupils are 
listed in their respective pairing. They are recorded, for pair one, 
as 1 and 2; for pair two, as 3 and 4; and in like manner for the twenty 
pupils of ten pairs. . 
TABLE I 
Comparison of the IQ's of the ten pairs 
Experimental Control 
Pair IQ IQ Difference 
One (1&2) 1 - 114 2 - 111 3 
Two (3&4) 3 m 115 4 - 113 2 
Three (5&6) 5 m 118 6 • 118 0 
Four (7&8) 7 m 113 8 - 113 0 
Five (9&10) 9 m 109 10 - 112 3 
Six (11&12) 11 - 118 12 - 117 1 
Seven (13&14) 13 m 111 14 - 111 0 
Eight (15&16) 15 - 118 16 - 119 1 
Nine (17&18) 17 - 112 18 - 113 1 
Ten (19&20) 19 - 109 20 - 108 1 
Numbers 1 thru 14 are girls: 15 thru 20 are boys 
24 
t 
The selection of the two groups had to be made from a group of 
twenty-five students, all that were available for the study due to the 
non-availability of test information on a larger group. Of the total 
of 120 separate stanine scorings, adjusted for Standard Errors of 
Measurement, there were found eight instances in which paired pupils 
varied one or more stanines (seven, one stanine, and one, two sta- 
nines)• 
The general background of this group is as follows: They have 
been to school in the same school system in Elementary, Grammar, and 
Junior High School. They have had the same teachers in the same build¬ 
ing for the last two years. They all come from an economically de¬ 
pressed area and are the sons of daughters of "Working People". They 
are all members of a section of the eighth grade and have been in a 
homogeneous group for the past two years. They are a group which is 
next to the top group of the eighth grade. The grade numbers 125 
pupils. 
Although it is evident that this group is not one which is an 
example of exact matching in all respects, nevertheless as an action 
research effort they do represent what is at hand with which to experi¬ 
ment and are found to be sufficiently alike to warrant effort to deter¬ 
mine whether differences in critical thinking can be found. 
The following table. Table 2, Metropolitan Achievement Tests 
Results, lists in detail, records extracted from official school rec¬ 
ords. 
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The reliability of the subject Metropolitan Achievement Test: 
Advanced Battery-Complete, for grades 7, 8, 9 is here reported as ex¬ 
tracted from the Directions for Administration of the test. 
Data on the reliability consist of split-half coefficients com¬ 
puted separately for pupils in each of several school systems and 
standard errors of measurement in raw score terms. 
TABLE 3 
Standard Errors of Measurement in Raw Score Terms 
11* S.E. Meas** 
Test Range Mdn Range Mdn 
Word 
Knowledge .91-.94 .92 2.5-3.2 3.1 
Reading .88-.92 .90 2.2-2.7 2.6 
Language .88-.90 .90 3.5-3.7 3.5 
Arithmetic 
Computation • 00
 1 • VO
 
.92 2.2-2.7 2.3 
Arlth Prob 
Solv,Concpts .89-.94 .91 2.3-2.8 2.4 
Science .79-.88 
oo
 
•
 
2.8-3.4 3.3 
* Values reported are ranges and medians of four independent esti¬ 
mates of corrected split-half coefficients. Each estimate is based on 
a random sample (n-100) of grade 8.1 pupils from a single school system 
the four systems being chosen to typify high, low, and average per¬ 
formance on the test. 
** Standard error of measurement in terms of raw score. 
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The S.E. values noted were applied in the following manner when 
the stanine scores were not in exact agreement. Reference was made to 
the raw score - standard score conversion table. The raw scores were 
further compared by adding or subtracting the median of the S.E. to 
determine whether overlap existed. For example a raw score of 35, 
(standard score 52, and stanine 6) with a mdn S.E. of 3.1 could be a 
maximum of 38.1 or a minimum of 31.9. When compared with the companion 
raw score of 39, (standard score 56, stanine 7) the minimum raw score 
by application of the S.E. is 35.9. In this instance the standard 
score for raw score 35.9 reads 52 which is the standard score obtained 
by the student in the first example. In cases where overlap of this 
nature existed the stanine values derived from the standard scores 
(adjusted) were considered compatible. 
It has been noted in the preceeding Table 2 that there were eight 
instances out of 120 when the foregoing adjustments did not result in 
possibility of score of the same stanine. These eight instances re¬ 
sulted in a one stanine difference in seven cases, and a two stanine 
difference in one instance. Table 3 sets forth the correlations based 
upon the unadjusted stanine scores. This presentation is made in lieu 
of adjusted stanine correlations in the belief the result will be more 
realistic. 
For example the correlation determined for Math Problem Solving 
and Concepts using unadjusted stanine values yields a correlation of 
.34, with adjusted stanines a value of .76. 
TABLE 4 
Correlations of stanine scores for the Control 
Group and Experimental Group 
Item Correlation 
r = symbol for correlation 
Word Knowledge .60 
Reading .25 
Language .65 
Math Computation .66 
Math Problem Solv & Concepts .425* 
Science .75 
* The stanines from Table 2 marked by an asterisk when con- 
sidered to be of same value possibilities 
of S.E.) yield for this item an r of .76. 
(because of the application 
Metropolitan Achievement Test: Advanced Battery-Complete was 
administered at grade level 8.9 as a part of this experiment. The 
results of this testing is reported later in this chapter and some com¬ 
parisons of results noted. 
Procedure; The scientific method of approach to solving a prob¬ 
lem, as outlined under k of Procedure was tested at periods of about 
one month apart, and five teacher constructed tests or demonstrations 
were used. Teacher made tests were used since no standard type tests 
for eighth grade level were found for testing specifically for critical 
thinking. The Watsen-Glasier Critical Thinking Appraisal (Form Am), 
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World Book Company, 1951-52 was deemed too advanced for the eighth 
grade pupils In question. 
Following Is a description of the respective tests and demonstra¬ 
tions and the results obtained. 
CRITICAL THINKING PROBLEM NUMBER 1 
This problem deals with the formation of fog. In a laboratory sit¬ 
uation, using gallon glass jars, where fog Is created by Increasing air 
pressure and then quickly decreasing air pressure, bringing Into play 
the principles that a compressed gas becomes warmed, while rapidly ex¬ 
panding gas (air) cools and may Induce condensation, fog. 
The facts presented and discussed In class reference this problem 
Included the following: That relative humidity varies with the temper¬ 
ature and moisture available, warm air having greater moisture holding 
capacity, and the relative humidity may reach 100%. That when air (gas) 
Is compressed It becomes warmer. That rapid expansion of air (gas) 
cools the air. That minute particles of matter form a nucleus around 
which tiny droplets of moisture gather more rapidly than under condi¬ 
tions where such minute particles are not present. That silver Iodide 
has been used under the foregoing concept to make artificial rain. A 
DEMONSTRATION was presented. Two one gallon glass jugs, each containing 
50cc of water were used. Into one a bit of smoke was Induced. Com¬ 
pressed air was forced Into each jug, at separate times, until the 
stopper blew out with a "pop". Each jug was then promptly stoppered. 
Fog was observed by all to be present In both jugs, with more fog In the 
one Into which the smoke had been Induced. 
The class was asked to find the answers to two questions: 1. Why 
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was fog formed? 2. Why was more fog evident in the jug which had the 
smoke in it? 
The control group was transferred at this time to another room and 
told to work out their respective solutions in any manner that seemed 
to work. The experimental group was then directed to try to find the 
answers through use of the "scientific method". 
The critical thinking point is related to the rapid expansion of 
the air with its cooling effect which had the "result" of raising the 
relative humidity. Concurrently with this point careful consideration 
should reveal that the smoke formed tiny particles of matter around 
which the tiny droplets could more rapidly form. Since the fact of air 
being compressed caused it to become warmer and therefore capable of 
greater moisture holding capacity had been the subject of information 
to all the pupils as a fact this concept is not included as a critical 
thinking result, although admittedly the concept had to be understood 
to arrive at the answers. Results are arranged in Table £, next page, 
and an analysis on the following page. 
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Analysis of TABLE 4: AC first consideration, the sum of the cor- 
tect answers appears to be slightly in favor of the E group, however 
E's 1, 3, 5, and 15 failed to give consistent answers in that contra¬ 
dictory answers were given. The C*s also gave inconsistent answers in¬ 
dicated by cases 16, 18, and 20 where cold air rushing in was cited as 
the cause of the fog. The use of the "scientific method approach" re¬ 
veals no significant difference in the results of the two groups refer¬ 
ence this demonstration, 
CRITICAL THINKING PROBLEM NUMBER 2 
In a lightning and thunder storm, does the rain cause electricity 
or does electricity cause the rain? 
Factual preparation consisted of how clouds form involving the 
principles of evaporation and condensation and the effect of warm and 
cold currents of air. The cellular nature of thunder storms was con¬ 
sidered and the existence of positive and negative electrical charges - 
earth to clouds - cloud to cloud - and the development of high charges 
of opposite polarity resulting in high voltage discharges. 
The problem was introduced by a laboratory demonstration conducted 
by the instructor. A fine spray of water was produced by attaching a 
piece of rubber tubing fitted with the glass part of an eye dropper at 
one end and attaching the opposite end of the tubing to a water supply 
under pressure, A fine jet of spray was projected as a fountain 18 to 
24 inches high. A glass rod rubbed with cat fur to produce a charge of 
static electricity on the glass rod was then brought gradually to a 
distance of about two Inches from the top third of the spray. This ac¬ 
tion was repeated several times and the effect observed. (The fine 
drops immediately combined to form larger drops which quickly fell • the 
height and volume of the spray reduced in the presence of the charged 
rod. As the spray decreased the rod was lowered creating large drops 
and reducing the fountain to coarse streams.) REQUIREMENT - to propose 
an hypothesis and offer proof. 
Result. The control group had no success at all with this problem 
with respect to either an hypothesis or a correct answer. Answers var¬ 
ied greatly, ranging from several that pointed out the fact that hydro¬ 
electric plants made electricity through the use of a stream of water, 
to several answers, to the effect that the rain drops falling against 
each other created a friction which resulted in the generation of elec¬ 
tricity. 
The experimental group had better results. Six stated an hypoth¬ 
esis in some form and four presented reasonable evidence to support the 
hypothesis, that is arrived at an acceptable solution through use of 
the scientific method. Their evidence was based entirely on the demon¬ 
stration and its related information. 
CRITICAL THINKING PROBLEM NUMBER 3 
The results of Problem 2 revealed a wide spread in results - the 
Control Group failing entirely to arrive at acceptable answers the re¬ 
sult of critical evaluation of the demonstration evidence presented. 
Accordingly as a check on inductive-deductive reasoning and ability to 
generalize, a problem was devised by the Investigator to invoke require¬ 
ments for deductive, inductive reasoning plus a requirement for general¬ 
ization. This step was taken to re-check the general abilities of the 
group. The problem as presented included three requirements: 
Requirement #1 - Deductive process 
Requirement #2 - Inductive process 
Requirement #3 - Generalization 
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CRITICAL THINKING PROBLEM NUMBER 3 
The following reproduced problem sheet was furnished each of the 
pupils. 
"This is a worksheet for the solution of a problem in connection 
with the development of a rule reference MECHANICAL ADVANTAGE. The 
rule is to be developed from data furnished from class demonstrations, 
demonstrations made in connection with various groupings of pulleys, 
weights, force, etc. 
II !§. INTENDED that this exercise will be developed by the 
INDIVIDUAL PUPILS WITHOUT REFERENCE TO OTHER PUPILS OR ADULTS. NO 
RESEARCH WILL BE REQUIRED AS ALL INFORMATION NECESSARY WILL BE 
PRESENTED IN CLASS." 
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This work sheet is to be submitted 
Ut.to be Distance 
lifted to be lifted 
1 single 
pulley 300 grams 6 inches 
2 single 
pulleys " '* 
by the pupil. NAME 
Force 
Required 
Distance 
force 
moved HA 
Number of 
supporting 
strings 
300 grams 6 inches 0 1 * 
150 " 12 " % 2 * 
2 double 
pulleys ” M 75 M 24 " % 4 * 
2 triple 
pulleys ” " (50) " ? 36 ” (1/6) ? (6) ? 
2 quad. 
pulleys " " (37%) " ? (48) " ? (1/8) ? (8) ? 
* To be demonstrated by 
Requirement #1 - Predict the 
pulleys 
Requirement #2 - Predict the 
the instructor and pupils in class, 
figures for columns 3 and 5, 2 triple 
Clm 3 (50) Clm 5 (1/6) 
figures for columns 3, 4, 5, quadruple 
pulleys Clm 3 (37%) Clm 4 (48) Clm 5 (1/8) 
Requirement #3 - State a rule or generalization that will apply to all 
cases. 
( ) » this information not furnished to pupils. 
HA equals (_one ) or ( 1 ) 
(number of strings) (X strings supporting) 
Result. The results of this problem indicated little difference 
in the abilities of the two groups. In addition to the two groups, 
this problem was given to 5 individuals of the same section, but not in 
the experiment. These individuals had no difficulty since all arrived 
at correct solutions with the single exception of one who failed to 
arrive at a logical generalization. Table 5 records the results in 
which both Control Group and the Experimental Group achieved similar 
results indicating about equal abilities in the deductive, inductive, 
generalization aspects of this problem. 
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TABLE 6 
Results of Deductive*Inductive Generalization 
Abilities - Problem 3 
Experimental Group Control Group 
Pupil Deduc- Indue- General- Pupil Deduc- Indue- General- 
Number tion tion ization Number tion tion ization 
1 X X 0 2 X X X 
3 X X 0 4 X X 0 
5 X X 0 6 X X X 
7 X X X 8 X X 0 
9 X X X 10 X X X 
11 X X X 12 X X X 
13 X X X 14 X X X 
15 X X 0 16 X X X 
17 X X X 18 X X 0 
19 X X X 20 X X 0 
10 10 6 10 10 6 
X = Correct answers 
Requirement #1 - Deduction 
Requirement #3 - Generalization 
0 = Incorrect or none 
Requirement $2 - Induction 
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CRITICAL THINKING PROBLEM NUMBER 4 
This problem was based on Archimedes* principle which states that 
the buoyant force on floating or submerged bodies is equal to the 
weight of the fluid displaced. The principle was demonstrated to the 
Control and Experimental Groups simultaneously (the method followed for 
all demonstrations). Two subjects were used - a cork and a rubber 
stopper of the same size. Two wide mouth jars containing water were 
used to demonstrate that the cork floated - and the rubber stopper 
sank. The reasons were discussed and explained. The two objects were 
weighed and the size and the weight discussed with respect to an equal 
volume of water and its weight. Questioning of a general nature indi¬ 
cated that the pupils understood that the rubber stopper sank because 
the volume of water it displaced weighed less than the stopper. The 
cork displaced a volume of water greater than its weight and therefore 
was buoyed up, or floated. When all appeared to have an understanding 
of the principle the two groups were required to find the answer to 
this problem. 
Requirement: "Decide whether a solid iron bar four inches square 
and two feet long will sink to the bottom of the ocean where it is two 
miles deep, or will it float, or will it sink only part way. Give rea¬ 
sons for your answer". 
(As an additional fact to remember it was pointed out that water 
is practically non-compressible and would have essentially the same 
density at all levels.) 
The results are indicated in Table 6. 
TABLE 7 
Results of Archimedes1 Principle on Buoyancy 
of Bodies in Fluids - Problem 4 
E * Experimental C a Control 
Pupil 
Number 
Bar Will 
Sink 
Bar Will 
Not Sink 
Bar Will 
Float Midway 
Reason Given 
Acceptable 
Reason Given 
Logical to 
Facts Expressed 
E C E C E C E C E C 
1 
2 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
3 
4 
Yes 
Yes 
No 
No 
Yes 
Yes 
5 
6 Yes 
Yes No 
Yes 
No 
Yes 
7 
8 
No 
No 
No 
No 
Yes 
No 
9 
10 
Yes 
Yes 
No 
No 
Yes 
Yes 
11 
12 
Yes 
Yes 
No 
No 
Yes 
No 
13 
14 Yes 
Yes No 
Yes 
Yes 
Yes 
15 
16 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
17 
18 
Yes 
Yes 
No 
No 
No 
Yes 
19 
20 
Yes 
Yes 
No 
No 
No 
Yes 
Correct 2 2 2 2 7 8 
Incor¬ 
rect 1 1 7 7 8 8 3 2 
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Results Summarized: Correct Answers Correct Reasons 
4 
Control Group 2 2 
Experimental Group 2 2 
Incorrect Answers Non-Acceptable 
Control Group 8 8 
Experimental Group 8 8 
Where the reasons given were logical to Mfacts’’ the student used 
even though answers were incorrect the results revealed the Control 
Group had slightly better results. Control Group 3, Experimental Group 
7. 
Comment. In this problem most pupils were concerned about the 
pressure of the water at great depths. They reasoned that the pres¬ 
sures up and down would equalize and prevent further sinking of the 
iron bar. Forgotten was the principle that even though the pressures 
became equal the bar still had weight and would continue to sink. The 
credit given under "reasons logical to facts expressed", 8 for the 
Control Group and 7 for the Experimental Group, were awarded on basis 
of the "equal pressure" idea. In arriving at solutions the experi¬ 
mental group listed significantly facts but appeared to "Jump" to con¬ 
clusions as opposed to careful thought. The form of the scientific 
method was used in most papers, but evaluation of facts subordinated 
to "guesses". 
CRITICAL THINKING PROBLEM NUMBER 5 
A TEST 
Requirement: "What is the matter and energy cycle?" 
Consider the following facts and write a simple definition. 
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1. Matter has weight and occupies space. 
2. Energy is the ability to do "work". 
3. Energy can be converted from one form to another. 
4. Matter is made up of atoms and molecules. 
3. Energy is stored in the body of every organism. 
6. Living things die and go through energy changes. 
7. Plant and animal growth are forms of matter and energy. 
Official definition; "Through death and decay the bodies of liv¬ 
ing things are used over and over in an endless cycle." 
The answers rendered by the pupils were measured against the offi¬ 
cial definition for the substance of the definition - not its intrinsic 
wording. Organization of answers was especially examined for evidence 
of orderly and careful thought. 
The results of the test are indicated in Table 7. 
Columns 1 and 2 reveal that both groups had the same number of 
acceptable answers reference the overall substance of the answer. 
Columns 3 and 4 indicate that the experimental group answers were 
more scientific in the form of the answer, where 90% of the experimen¬ 
tal group were successful and 30% of the control group. 
Columns 3 and 6 indicate the nature of replies under the term 
"rambling" which means simply that the replies were not logical, 
orderly and direct. 
Columns 7 and 8 indicate that the experimental group had 907* well 
organized papers. (Problems, hypothesis, facts, conclusions). The 
control group had a 30% success in this category. 
TABLE 8 
Results of Question - "What is 
and energy cycle?" 
the matter 
Pupil 
Number 
C «* Control 
Definition 
Acceptable 
Definition 
Scientific 
E = Experimental 
Definition 
Rambling 
Definition 
Well 
Organized 
t C E C E C E C E 
i 2 3 4 5 6 7 8 
1 Yes Yes Yes 
2 Yes No Yes No 
3 Yes Yes Yes 
4 Yes No Yes No 
5 Yes Yes Yes 
6 Yes Yes Yes 
7 Yes Yes Yes 
8 Yes Yes No 
9 Yes Yes Yes 
10 Yes Yes Yes 
11 Yes Yes Yes 
12 Yes Yes Yes 
13 No Yes No 
14 No No Yes No 
15 Yes Yes Yes 
16 Yes Yes No 
17 Yes Yes Yes 
18 Yes No Yes No 
19 Yes Yes Yes 
20 Yes No Yes No 
Totals 
Yes 9 9 3 9 7 1 3 9 
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METROPOLITAN ACHIEVEMENT TEST 
Grade Level 8.9 
This test was used at the completion of the experiment since the 
same series had been given at grade level 7.9 and the groups estab¬ 
lished in part on this information. 
"f " 
The stanine scores resulting from this test are recorded in Table 
9 on the following page. Correlations are shown in Table 10, page 44. 
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TABLE 10 
Correlations of Stanine Scores for the Two Groups Shown in Tables 3 and 
9 for Metropolitan Achievement Test Beginning and Ending 
TABLE 3 
Beginning 
Correlation 
TABLE 9 
Ending 
Correlation 
Word Knowledge .60 .14 
Reading • 25 .83 
Language .65 . oo
 
Math Computation .66 .61 
Math Problem Solv & Concepts .425 .424 
Science .75 .61 
The correlation variances between beginning and end are not con¬ 
sidered particularly pertinent to the problem solving aspects. The 
correlations do indicate wider differences at the end of the experiment 
in word knowledge, reading, language and science. In an effort to 
determine the direction of the changes Tables 11 and 12 were con¬ 
structed to assist in the interpretations. These tables indicate the 
mean of the stanine change for each of the group under each category, 
(pages 46 and 47). 
In work knowledge the Experimental Group attained lower scores 
having a starting mean of 6.1 and ending mean of 6.3, while the Con¬ 
trol Group starting mean was 6.5 and ending mean 7.3, a gain for the 
Control Group. 
In reading the Experimental Group made improvement in scores of 
more than one stanine (1.6) while the Control Group scored an advance 
45 
of part of a stanine (.7) with an end comparison for E of 6.7 and C 
7.0. A gain for the Experimental Group. 
In language the Experimental Group advanced slightly as did the 
Control Group, however at a less uniform rate, thereby causing some 
spread in the correlation. 
In science the Experimental Group advanced to a higher level than 
the Control Group although both groups advanced. 
In math computation, and problem solving and concepts, neither 
group had correlation changes of any significance. Neither group 
scored as well on the end test in math problem solving and concepts, in 
fact both groups regressed, but in doing so retained like relation¬ 
ships. 
It must be noted that the Metropolitan Achievement Tests were used 
as a median to help initially equate the groups and to give indication 
of group uniformities at the end of the experiment. The results are 
not considered to be significantly indicative of changes reference the 
Scientific Method of Problem Solving. The experimenter made tests in¬ 
corporated in this paper are the basis on which results and conclusions 
are reported. 
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CHAPTER IV 
SUMMARY AMD CONCLUSIONS 
CHAPTER IV 
SUMMARY AND CONCLUSIONS 
RE-STATEMENT OF THE PROBLEM; 
a) Problem solving as treated in the terms of this experiment in¬ 
cludes an awareness of the problem and a careful and exact 
comprehension of the problem plus an organized attack tending 
to the solution through orderly steps* The knowledge required 
must be organized or capable of being organized, pupils must 
know how to find facts, and the problems must be within their 
range of capabilities* The premise is taken that while facts 
are the fundamentally essential basis of all scientific under¬ 
standing, the facts must have application and a variety of 
skills in the use of facts is appropriate to greater ability 
in the development of thinking ability* 
b) This study is concerned with the use of the "scientific 
method" by an eighth grade general science class with the view 
of determining whether practice in this method is constructive 
in the development of thinking ability* The "scientific 
method" is analogous to problem solving as expressed by 
Thorndiki, an awareness of the problem, definition of the 
problem, a proposal for solution, association of hypotheses 
1 
Robert L* Thorndike* "How Children Learn the Principles and 
Techniques of Problem Solving"* The Forty-Ninth Yearbook of the 
National Society for the Study of Education; Part 1 Learning and 
Instruction, Chapter VIII. 
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and relevant facts, and finally testing conclusions. 
In this study the experimental group was trained to use the 
"scientific method", namely: 1. A clear statement or under¬ 
standing of the problem. 
2. A possible explanation, the 
hypotheses. 
3. Establishment of facts and 
organization of facts. 
4. Listing of facts. 
5. Conclusions. 
c) The orderly arrangement of the scientific method involves 
knowledge, comprehension, application, analysis, synthesis and 
evaluation as defined in detail in a Toxonomy of Educational 
Objectivel. 
RESULTS AND CONCLUSIONS 
RESULTS: 
a) The two small groups of pupils, paired as closely as the small 
number permitted did not reveal any particular success of one 
set of pairs over another during the five months of the exper¬ 
iment. For example in Problem #1 pair 11 and 12 had minor 
success as did also pair 19 and 20. In all the other problems 
no great difference was noted in the performance of these two 
2 
A Committee of College and University Examiners, B.S. Bloom ed. 
M. P. Englehart-E.M. Furst-W.H. Hill-D.R. Krathwohl. Taxonomy of Edu¬ 
cational Objectives, pp 18 201-207. 
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pairs. 
b) As group8, the two groups evidenced substantially the same 
general interest. One pupil, number 15, displayed especial 
interest and ability in the solution of Problem #4. This 
pupil had somewhat greater maturity, however in other problems 
no particular success was evidenced. 
c) The experimental group developed considerable skill in setting 
up their papers to express the problem, an hypothesis, facts 
and generalizations or conclusions. This was particularly 
i ’ 
true of Problem #5, the final problem given during the fifth 
month. 
d) The control group did not organize replies in a definite pat¬ 
tern but used essay type answers. When material was taken 
from a reference book it was expressed in the terms of the 
reference with little or no originality on the part of the 
pupil. 
e) Both groups made some improvement in problem solving. The 
control group tended to get side tracked (Problems #1, #2, #4) 
from the main problem. The experimental group had the same 
weakness but tended to give reasons for the solution offered 
(Problems #1, #2, #4, #5). 
f) Comparison under the categories of knowledge, comprehension, 
application, analysis, synthesis and evaluation, derived from 
the results of the respective problems revealed noticeable 
differences favorable to the experimental group in all cate¬ 
gories. These results are set forth in Table 12. The figures 
52 
represent the number of correct solutions for each group* 
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The experimental group obtained more correct solutions and an¬ 
swers. The results are as follows: (50 points total possible score). 
TABLE 
Results in Terms 
14 
of Percentage 
Control Group Experimental Group Difference 
Knowledge 52% 70% 18% 
Comprehension 38% 66% 28% 
Application 38% 60% 22% 
Analysis 24% 46% 22% 
Synthesis 22% 42% 20% 
Evaluation 26% 48% 22% 
All differences noted above are in favor of the experimental 
group, and are based on percentage of correct answers of the possible 
score of 50. 
CONCLUSIONS: 
a) The performance of the various pairs was not widely 
different. 
b) The pupil must be interested in the problem, feel a need 
to get an answer, if any success in critical thinking is 
to be obtained. Compliance with the "teacher's" problem 
assignment can mislead the "teacher" into believing the 
pupil is personally involved in solving the problem. 
/ 
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c) It is the conclusion of this writer that concrete rather 
than abstract problems were more suitable to the pupils 
involved in this experiment (Problems #1, #3, for 
example)• 
d) The greater success in the problem on Matter and Energy 
may be due to the pupils* ability to make an application 
in a more familiar area. 
e) There is a trend of results which indicates that for 
these two groups the use of the scientific method of 
solving a problem by the experimental group gave better 
results in more accurate and orderly thinking. 
f) The degree of critical thinking obtained was not of a 
high order. 
g) These eighth grade pupils who had had little experience 
in problem solving of a critical thinking aspect tended 
to accept answers without serious contention if others 
had similar ideas of the answer - whether it was correct 
or incorrect. 
h) These eighth grade pupils did respond to problem solving 
when the content Involved the pupil's specific concerns. 
1) The results of the experiment are sufficiently encourag¬ 
ing to warrant further use of the scientific method 
approach to problem solving in the eighth grade science 
classes of this school. 
j) This experiment carried out in one of the subject courses 
of the eighth grade pupils did not reflect any noticeable 
56 
Influence on other courses. The process encouraged in 
Science appears to have been left in the science room, 
k) Additional and more extensive experiment, especially with 
groups large enough to yield significant results is 
needed to get substantive and substantial answers. 
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